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The idea
Low NIR 1–2µm background in space

High line luminosities z>1 objects

Efficient spectroscopy/redshifts with small telescope 
and slitless grism

WF 1m/0.5º FOV telescope ~ 108 objects 1<z<2 over 
104 deg2



Science

Dark energy w(z) via baryon P(k) oscillations

z>1 galaxy clusters – 3D detection

Evolution of Galaxy clustering/galaxy evolution 

Luminosity function, metallicity and 
environment

Depth information for lensing studies

Direct WF Lyα searches 7<z<15 DARK AGES



Slitless primer

Grism disperses full image

Object forms it’s own slit

Background (per pixel) UNCHANGED defined 
by blocking filter (e.g. J, H)

S/N (un-resolved emission line) indpt of    
R=λ/Δλ



Why it’s Easy: I

Hop00

Hα SFR
UV SFR

Hopkins et al 1999
(extinction corrected)



Why it’s Easy: II

Low Ecliptic

High Ecliptic

H Ground Background (–14.4) 
≃1000× space 

Curves from Aldering et al



  

GOODS: first higher-z SN Ia, Aphrodite

Aphrodite (z=1.3)

ACS grism spectrum

NICMOS F110W

ACS F850lp

viz

Highest z spectrum of a SN

Slide courtesy of
Adam Riess



NICMOS slitless surveys
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FIG. 2.ÈPortions of NICMOS direct and grism images showing the galaxies (1) NIC J141750.32]523054.3 and (2) NIC J141751.06]523040.0. The Ha
emission features are again marked on the grism image.

is the widely varying sensitivity between the di†erent Ðelds
observed in the latter survey (McCarthy et al. 1999 ; Yan et
al. 1999), which comprises a large number of less sensitive
Ðelds and fewer deeper Ðelds. The e†ect of these heter-
ogeneous detection levels is to produce a sample biased
even more toward brighter objects than if the observations
had been homogeneously Ñux density limited. A prediction
for the number of sources expected by integrating the lumi-
nosity function (LF) derived by Yan et al. (1999) emphasizes
this result. The number of Ha sources expected in the
current survey predicted from this LF is slightly greater
than the number we detect after correcting our areal cover-
age to account for the fact that the grism is sensitive only to
the full range of wavelengths over a portion of its area (Yan
et al. 1999). This result is not unexpected, as there will be
some incompleteness in our detections at the low-
luminosity end (since our detections are not sensitive to the
faintest luminosity sources over the full redshift range
sampled). We emphasize that our detection rate for Ha can-
didates is consistent with the LF estimated by Yan et al.
(1999).

3.1. L uminosity Functions and Density of Star Formation
The Ha luminosity function (LF) has been calculated

using the method, with as given by Yan et al.1/Vmax Vmax(1999, their eq. [1]), having a minimum, as well as a
maximum, redshift deÐned by the NICMOS G141 grism
spectral window. This has been done for two cases, (1) using
only galaxies with spectroscopic redshifts or conÐdent, high
S/N detections and (2) using all galaxies with possible Ha
emission, e†ectively providing lower and upper limits,
respectively, to the observed density. The resulting LFsL Haare shown in Figure 3. The error bars are the square roots
of the variances (the sum of the squares of the inverse
volumes) for each point on the LF. Schechter function pa-
rameters (listed in Table 2) were estimated from a minimum

s2 Ðt, using our Ha LF data for each of the two cases above,
combined in each case with the data of Yan et al. (1999).
The uncertainties in our estimated parameters were
obtained using a Monte Carlo method, based on Ðtting
Schechter functions to a large number of simulated Ha LFs.
The simulated LFs were constructed with errors having a
Gaussian distribution based on the uncertainties of our
measured LF points. The quoted uncertainties in Table 2
are the 1 p values of a Gaussian independently Ðtted to the
resulting distributions of each of the Schechter function pa-
rameters (cf. Gallego et al. 1995). It is well known, however,
that these parameters are not independent (e.g., Gallego et
al. 1996), and this can be seen in Figure 4, which shows the 1
p ““ error areas ÏÏ for pairs of Schechter parameters from the
Monte Carlo analysis in the second of our two cases.

In comparison with our z B 1.3 results, the Schechter
function parameters for the Ha LF of the local universe
measured by Gallego et al. (1995) (converted to kmH0 \ 75
s~1 Mpc~1) are /* \ 10~3.07 Mpc~3, L * \ 1034.80 W, and
a \ [1.3. While the evolution of the Ha luminosity func-
tion from these values is clearly demonstrated in Figure 3,
the Schechter parameters from our Ðtting appear rather
extreme. In particular, we derive low normalizations, bright
L * values, and steep faint-end slopes, which are strongly at
variance with earlier estimates for emission-line LFs around
z B 1. This is because we are examining two cases compris-
ing a lower and upper limit to the LF. The resulting Schech-
ter functions should not be taken as a reÑection of the true
shape of the LF, although their integrals, being more robust
(Gallego et al. 1996), provide valid limits on our estimate of
the total Ha luminosity density.

The total SFR density has been calculated from the inte-
gral of the Ha luminosity functions and is shown compared
with emission-line and UV continuumÈderived estimates
from the literature in Figures 5 and 6. The values in Figure
5 show the UV-based points uncorrected for extinction.
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FIG. 3.ÈMosaic of F160W band direct images and two-dimensional grism spectra of 33 emission-line galaxies found in our survey. The emission lines in
each object are marked with vertical ticks. For a few of the objects the continuum images fall near the edge or just o† the edge of the F160W Ðeld of view. For
these objects (0917 ] 8142C, 0931 [ 0449A) we do not have F160W images.

and di†use. There are six exposures of this Ðeld, and the
emission feature appears with equal strength in the two
independent subsets of the data.

0741]6515A.ÈThe emission line in this object is spa-
tially resolved, and its morphology is similar to that of the
continuum shown in the F160W image.

0741]6515B.ÈThe emission line in this object is at the
extreme red end of the continuum spectrum and is spatially

o†set from the continuum. The emission feature is located
in a portion of the Ðeld such that it cannot be a zero-order
artifact.

0917]8142A.ÈThis emission feature is also at the
extreme red end of the continuum. At the location of this
feature there is the possibility of zero-order images. If this
feature were a zero-order image, the object would be just o†
the edge of the F160W direct image. The Ðrst-order contin-
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FIG. 3.ÈDerived Ha luminosity functions (solid circles) along with those of Yan et al. (1999) (open circles). (a) LF derived only from sources with
spectroscopically conÐrmed redshifts or high S/N. (b) LF derived from all sources with possible Ha emission. The parameters of the Schechter function Ðts are
shown in Table 2. The triangles and dashed line in each panel show the local Ha LF of Gallego et al. (1995) for comparison.

Ha emission may be related to any interaction, and esti-
mated star formation rates in both galaxies are high
(assuming no active galactic nucleus component to the
source of ionizing radiation). See Figure 1.

NIC J141726.75]522449.0.ÈThis galaxy is identiÐed
with object 104-4024 from Koo et al. (1996). A very low S/N
feature at 1.20 km may be Ha at z \ 0.83. The ground-
based spectroscopic redshift of 0.8116 (Koo et al. 1996) is

FIG. 4.ÈUncertainties of 1 p displayed as ““ error areas ÏÏ for the Schechter function parameters, derived with the Monte Carlo method described in the
text.

Hopkins et al. (2000)

McCarthy et al. (1999)

≧70% are 
genuine Hα 
(confirmed 
Keck [OII] det.) 

z=0

0.7<z<1.8



Strawman Mission

1m Telescope

25% throughput 1–2µm

0.5º diameter FOV

1 arcsec resolution
(4K2 pixel requirement)

size/mass/cost ≈ MIDEX

“Baryon Oscillation Probe” 



Number counts

For z=2 P(k)
Target: ≃ 2000 
galaxies deg-2



Exposure times
Filter response

1µm                                                 2µm



Toy Simulation



Issues -I

Line ambiguity? 
     NO!



Issues - II

Resolution. R=700, Δz=0.004 (for 1 arcsec 
object) easy with grism (or objective prism?) 

Spectrum overlap: of order 5-10%.
Need multiple roll angles

Lyα (UV-optical) vs Hα (NIR)
Exposures 10-20× longer

Number of filters.
2 is probably best for shallow survey



Redshift Survey Power 
0.5<z<2

1m telescope, 0.5º FOV, 2 filters
“Baryon Oscillation Probe” 
2000 deg2 per year
107 objects per year

2m telescope, 0.11 deg2 FOV, 2 filters
(”SNAP extra”)
3000 deg2 per year



Example: Baryon 
wiggles P(k)

10,000 deg2 Glazebrook & Blake 
in prep 2004 



Baryon wiggles w(z)

Glazebrook & Blake 
in prep 2004 
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Riess et al 2004

Predicted SNAP 
(Linder et al. 2004)

Predicted Baryon wiggles
10000 deg2

(Glazebrook & Blake 2004)



Take home messages
Simple, slitless grism surveys from space are 
surprisingly efficient redshift machines

Emission line Hα redshifts 0.5<z<2  1-2µm
10,000 deg2  1<z<2 in 3–5 years with 1m telescope

Any WF imaging mission (esp. dark energy!) should 
consider a grism component

Removes the follow-up bugbear - get 3rd 
dimension from same hardware

(Δw0,Δw1) from Baryon Wiggles ≦ SNe in same 
scope of mission.  


